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[57) ABSTRACT

A method for forming a plurality of solder bumps on an
electronic component substrate utilizes a transfer plate
to electrodeposit solder deposits and subsequently re-

flow the deposits onto the substrate. The plate com-

prises discrete pad electrodes formed of a ceramic mate-
rial that is suitably electrically conductive to permit
electroplating of the solder alloy, but is not wet by the
molten solder to permut reflow onto the substrate. A
preferred electrode material is an indium oxide com-
pound. The solder deposits are plated onto the elec-

- trodes, and the transter plate is superposed on the sub-

strate such that the bumps rest upon bond pads on the
substrate. The assembly 1s heated and cooled to melt
and resolidify the solder alloy, whereupon the solder
bonds to the substrate pads to form the bumps.

14 Claims, 1 Drawing Sheet
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1
SOLDER BUMP TRANSFER METHOD

BACKGROUND OF THE INVENTION

This invention relates to a method for forming solder
bumps on an electronic component of the type useful
for attaching the component to an electronic package.
More particularly, this invention relates to such method
utilizing a transfer plate having solder nonwettable
ceramic electrodes onto which solder deposits are elec-
troplated for reflow onto the component.

In the manufacture of an electronic component pack-
age, it 1s known to mount a first component, such as an
integrated circuit semiconductor chip, to a second com-
ponent, such as a chip carrier or a printed circuit board,
by a plurality of solder bump interconnections. Each
Interconnection extends between a terminal pad on the
first component and a terminal pad on the second com-
ponent to physically attach the components and to elec-
trically connect the terminal pads for conducting elec-
trical signals therebetween for processing. Typically,
the interconnections are formed by bonding solder
bumps to each pad of the first component, assembling
the components so that each bump rests on a corre-
sponding pad on the second component, and heating

- and cooling the assembly to reflow the solder and com-
plete the interconnection.

Solder bumps may be formed from preformed solder
balis either individually placed on each pad or distrib-
uted using a stencil. Missing or misplaced balls create
open circuits that result in a defective package. Such
- defects may not be discoverable until after the package
is completed. Because of the large number of balls and
the small size of the target pads, individual placement
with the required accuracy tends to be time-consuming
and tedious. On the other hand, failure to fill even a
single hole of a stencil produces an open connection,
which task is rendered more difficult by the pinprick
size of the holes. Alternately, solder bumps may be
formed directly on a component by vapor deposition or
electroplating. In particular, for electroplating, several
- steps are needed to prepare the surface and to either
prevent plating on unwanted regions or remove excess
- plate therefrom. Such techniques are not well suited for
printed circuit boards wherein the component attach-
ment region constitutes a relatively small portion of the
entire surface area. Furthermore, poor plating at an
individual pad for any reason may produce an under-
sized deposit that is difficult to detect, but fails to pro-
duce the desired interconnection. Thus, while electro-
plating has advantages in forming the solder bumps,
plating directly onto a component jeopardizes the com-
ponent, which 1s particularly significant because of the
substantial cost to manufacture the component.

SUMMARY OF THE INVENTION

In accordance with this invention, an improved
method for forming solder bumps uses a transfer plate
to electroplate solder deposits and subsequently reflow
the deposits onto an electronic component substrate. As
used herein, the electronic component substrate may be
any component intended to be incorporated into an
electronic package by solder bump interconnection,
including a semiconductor chip, a chip carrier or a
printed circuit board. In general, the substrate features a
plurality of solder wettable terminal pads disposed in a

predetermined pattern on a generally planar surface. In.

accordance with this invention, a plurality of solder
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alloy deposits is electroplated onto discrete ceramic pad
electrodes carried on the transfer plate. A preferred
transfer plate comprises a glass or polymer sheet having
a planar surface carrying a continuous thin film formed
of an electrically conductive, solder nonwettable ce-
ramic material, such as indium oxide compound, and
further having an overlayer formed of an electrically
insulative, solder nonwettable material that is patterned
to define openings for exposing the conductive coating
to form electrodes. The electrodes are disposed on the
transfer plate surface in a pattern superimposable onto
the substrate pad pattern. The deposits are suitably
plated by immersing the transfer plate in an aqueous
electroplating bath including dissolved solder metal
salts and electrically biasing the conductive ceramic
coating to locally deposit the solder alloy onto the ex-
posed electrodes. The transfer plate is then arranged
with the substrate such that each solder deposit rests
upon a corresponding bond pad. This arrangement is
heated to melt the solder deposit, whereupon the mol-
ten solder wets the bond pad, but not the electrode.
Upon cooling, the solder alloy resolidifies to form
bumps that are bonded to the substrate pads, but not to
the transfer plate, thereby permitting the transfer plate
to be readily separated from the substrate and reused.
'The resulting bumped substrate is ready for attachment
to other components by solder bump interconnections
to manufacture the electronic package.

A major feature of this invention concerns the ce-
ramic coating on the transfer plate that is suitably elec-
trically conductive to permit electroplating of the sol-
der alloy, but is not wet by the molten solder alloy to
permit reflow of the solder onto the substrate to form
the desired bumps. Preferably, the transfer plate is
transparent to permit the metallic solder deposits to be
readily inspected to detect missing or undersized depos-
its. In the event that a defective deposit is discovered,
the transfer plate may be removed from further process-
ing without jeopardizing an expensive substrate. Also,
the preferred transparent transfer plate facilitates accu-
rate placement of the deposits in contact with the sub-
strate pads. The plate is preferably formed of a material
having a thermal expansion coefficient comparable to
the substrate to maintain the deposits in contact with the
substrate pads during heating and cooling to reflow the
solder, thereby further assuring accurate transfer of the
deposits onto the corrcsponding substrate pads. In one
aspect of this invention, solder bumps are formed on a
small region of a printed circuit board without process-
ing the surrounding area. Therefore, this invention pro-

- vides a method for concurrently forming solder bumps
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on a substrate that requires a minimal number of pro-
cessing steps, and enhances the reliability of the solder
bump interconnections.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be further described with
reference to the accompanying drawings wherein:

FIG. 1is perspective view of a preferred solder trans-
fer plate for use in the method of this invention;

FI1G. 2 is a cross-sectional view of the solder transfer
plate in FIG. 1, taken along the line 2—2 in the direc-
tion of the arrows;

F1G. 3 shows an arrangement of the so]der transfer
plate in FIG. 1 with an electronic component following

reflow of the solder in accordance with the method of
this invention; and
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F1G. 4 show a package comprising solder intercon-
nections obtained from solder bumps formed in accor-
dance with this invention.

DETAILED DESCRIPTION OF THE
INVENTION

In accordance with a preferred embodiment, this
invention is employed to form solder bumps on a region
- of a printed circuit board for subsequently attaching an
integrated circuit die thereto. |

Referring to FIGS. 1 and 2, there is depicted a solder

transfer plate 10 for use in the method of this invention.
Plate 10 1s formed of a glass sheet 12 having a transpar-
ent, electrically conductive, thin film ceramic coating
14, referred to as an ITO coating. The glass formulation
is preferably selected to have thermal expansion coeffi-
cient comparable to the intended electronic substrate,

which is about 15 ppm per °C. for an epoxy-base board

in this embodiment. Coating 14 is formed of a solder
nonwettable ceramic material composed predominantly
of indium oxide and comprising about 10 percent by
weight tin oxide. It will be appreciated that glass sheet
having an ITO coating is commercially available and
used in the manufacture of electronic displays and the
like. |

Coating 14 1s covered by a polyimide overlayer 16
having openings 18 disposed in an array superimposable
to the desired bump pattern. Layer 16 is formed by
applying a photoimagable liquid film onto coating 14,
selectively irradiating the film through a mask to de-
velop the polymer for the layer except in regions where
the openings are desired, removing the undeveloped
film using aqueous KOH solvent to define openings 18,
~ and baking to complete curing of the polymer layer to
form the perforations 18. In this manner, regions 20 of
electrically conductive coating 14 are exposed through
openings 18 to serve as electrodes for electrodepositing
solder alloy 22. |

Solder deposits 22 are plated onto electrodes 20 of

transfer plate 10 by a suitable tin-lead electroplating
process. Transfer plate 10 is immersed in an aqueous
acidic bath containing dissolved lead salt and tin salt. A
suitable electroplating bath is composed of about 15.9
grams per liter lead added as lead fluoborate and 18.9
grams per liter tin added as tin fluoborate, and has a pH
less than 1. The plate is immersed spaced apart from a
suitable counterelectrode and connected to a DC power
source to negatively bias coating 14 relative to the
counterelectrode. Current flow is adjusted to provide a
current density between about 0.016 and 0.027 amp per
square centimeter and effective to reduce the tin and the
lead to codeposit the metals onto electrode 20. The
resulting deposit is composed of a near-eutectic alloy
comprising about 60 percent tin and the balance lead.
- Following deposition of solder deposits 22, plate 10 is
inspected, for example, visually by the operator or by an
automatic vision system, to assure that a deposit is
formed onto each electrode 20. This inspection is facili-
tated by the transparency of glass sheet 12, thin film
coating 14 and polymer coating 16.

Transfer plate 10 carrying bumps 22 is arranged with
substrate 24 as shown in FIG. 3 in preparation for trans-
ferring the solder alloy to the substrate to form solder
bumps 26. Substrate 24 is formed of a laminated glass
fiber-reinforced epoxy board, designated FR4 in the
industry, and includes a region 28, depicted in the fig-
ures, that comprises plated copper terminal pads 30.
Substrate 24 may include additional features (not
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shown), particularly on regions adjacent chip attach-
ment region 28, as necessary for processing electrical
signals by the product package. In accordance with this
embodiment, transfer plate 10 is arranged face-down
with substrate 24 with deposits 22 resting upon pads 30.
Prior to arranging the transfer plate, pads 30 are pre-

pared by successively depositing a thin nickel plate and
a thin gold plate and coating with a suitable flux, such as
water white rosin flux, to facilitate solder bonding.

Accurate placement of deposits 22 onto pads 30 is facili-
tated by the transparent nature of transfer plate 10. It is
found that electroplated deposits 22 adhere suitably to
transfer plate 10 to permit inversion as indicated in FIG.
3. Alternately, transfer plate 10 may be arranged with
substrate 24 overlying the transfer plate. In either event,
the arrangement is heated to a temperature of about
220° C. to melt and reflow the solder alloy. Upon melt-
ing, the molten solder produces droplets that wet pads
30. However, the molten alloy does not wet either ce-
ramic coating 14 or polymer overlayer 16. As a resuit,
upon cooling the arrangement to resolidify the solder
alloy, the solder bonds to pads 30, but does not bond to
the transfer plate. The transfer plate is readily separated
from substrate 24, leaving solder bumps 26 bonded to
pads 30 thereon.

Following transfer of the solder alloy from plate 10 to
substrate 24, substrate 24 is then arranged with a semi-
conductor die 32 in the'manner shown in FIG. 4. Die 32
has a generally planar surface 34 that includes alumi-
num terminal pads 36, as well as other features electri-
cally connected to pads 36, but omitted from the fig-
ures.

Die 32 1s assembled with substrate 24 such that each
bump 26 rests upon a corresponding terminal pad 36.
Prior to assembly, pads 36 are prepared by sputter de-
positing a chromium film, a copper film and a gold film
and coated with a water white rosin flux. The die-sub-
strate assembly is heated to about 220° C. to melt and
reflow solder bump 26. Upon melting, the molten solder
wets terminal pads 36. The assembly is then cooled to
resolidify the solder alloy, thereby forming an intercon-
nection 38 that bonds terminal pad 30 on substrate 24 to
terminal pad 36 on chip 32 to thereby attach the chip to
the substrate and electrically connect the terminals. The
assembly is then ready for additional processing as re-
quired to complete the electronic component package.

In the described embodiment the method of this in-
vention is employed to form a plurality of solder bumps
on a chip attachment region of a printed circuit board.
The method may be adapted to form solder bumps on
other components of an electronic package. In an alter-
nate embodiment, the method of this invention i1s em-
ployed to form solder bumps directly on a semiconduc-
tor silicon die similar to chip 32 in FIG. 4. This is ac-
complished using a plate similar to plate 10 in FIGS. 1
and 2, but preferably including a glass sheet having a
thermal coefficient of expansion similar to silicon. For
example, borosilicate glass sheet 1s available having a
thermal expansion coefficient of 2.7 ppm per °C., which
is similar to the silicon thermal expansion coefficient of
about 2.6 ppm per °C. Solder deposits are electroplated
onto ITO electrodes on the plate, which is then ar-
ranged with the die and heated to reflow the solder onto
the die, thereby forming the desired solder bumps.
Thereafter the die may then be suitably attached, either

to a chip carrier or to a printed circuit board by a solder
bump interconnection process.
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A key feature of this invention is the use of a transfer
plate having electrodes formed of a ceramic material
that i1s sufficiently electrically conductive to permit
electrodeposition of the solder alloy, but is not wet by
the molten solder alloy. The preferred ceramic material
is composed predominantly of indium oxide and con-
tains tin oxide to enhance electrical conductivity. Alter-
nately, the electrodes may be suitably formed of other
electrically conductive, solder nonwettable ceramics,
including tin oxide or silver oxide. In the described
embodiment, the glass sheet was covered by the con-
ductive coating and an insulative overlayer was applied
to define the electrodes. The continuous film is believed
to optimize distribution of the plating current to obtain
more uniform current density, which in turn produces
more uniform deposits. Alternately, the ceramic film
may be suitably patterned, for example by etching, to
define discrete pad-like electrodes.

While the described transfer plate comprises a glass
base, the base may be formed of other suitable materials,
including nontransparent materials such as silicon or
epoxy-base FR4 board of the type used for printed
circuit boards. Preferably, the base for the transfer plate
exhibits a thermal expansion coefficient similar to the
substrate. Also, while in the described embodiment the
method was applied to form the solder interconnections
of a particular tin-lead alloy, the electroplating bath and
parameters may be selected to deposit other suitable
solder alloys. Other common electroplatable alloys
include lead alloys containing about 5 percent tin and
tin alloys containing about 30 percent indium.

While this invention has been described in terms of

certain embodiments thereof, 1t is not intended that it be
limited to the above description but rather only to the
extent set forth in the claims that follow.
The embodiments of the invention in which an exclu-
sive property or privilege is claimed are defined as
follows: o
1. A method for concurrently forming a plurality of
solder bumps on a substrate such that each bump is
bonded to a solder wettable terminal bond pad disposed
in a pattern on a generally planar surface of the sub-
strate, said method comprising
electrodepositing a plurality of solder alloy deposits
onto discrete ceramic pad electrodes carried by a
transfer plate, said electrodes being disposed on a
generally planar surface of the transfer plate in a
pattern superposable onto the substrate pad pattern
and being formed of an electrically conductive
ceramic material nonwettable by the solder alloy,

assembling the transfer plate against the substrate
such that each solder deposit rests upon a corre-
sponding bond pad,

heating the assembly to melt the solder deposits,

whereupon each molten solder deposit forms a
droplet that wets the bond pad and does not wet
the electrode,
cooling the assembly to resolidify the droplets to
form bumps bonded to the bond pads, and

separating the transfer plate from the substrate,
whereby the bumps remain bonded to the sub-
strate. |

2. A method 1n accordance with claim 1 wherein the
transfer plate comprises a glass sheet having a continu-
ous coating formed of an electrically conductive ce-
ramic material that is nonwettable by molten solder
alloy, said plate further comprises a solder nonwettable,
electrically insulative overlayer covering the ceramic
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coating and having perforations for exposing the ce-
ramic coating to form the electrodes.

3. A method in accordance with claim 2 wherein the
ceramic coating is composed of electrically conductive
indium oxide material.
~ 4. A method in accordance with claim 2 wherein the
electroplating step comprises immersing the transfer
plate into an aqueous bath spaced apart from a suitable
counterelectrode, said bath comprising dissolved tin
and lead ions, and electrically biasing the electrically
conductive ceramic coating relative to the counterelec-
trode to plate metallic tin-lead alloy onto the electrodes.

5. A method in accordance with claim 1 wherein the

‘transfer plate is formed of a transparent sheet to facili-

tate accurate placement of the deposits onto the termi-
nal bond pads and having a thermal coefficient of ex-
pansion similar to the substrate to maintain the deposits
in registry with the terminal bond pads during said
heating and cooling to bond the solder bumps to the
pads. .
6. A method for concurrently forming a plurality of
solder bumps on a glass fiber-reinforced polymer sub-
strate such that each bump is bonded to a copper-base
terminal bond pad disposed in a predetermined pattern
on a generally planar surface of the substrate, said
method comprising
electroplating a plurality of tin-lead solder alioy de-
posits onto discrete ceramic pad electrodes on a
transfer plate, said electrodes being disposed on a
generally planar surface of the transfer plate in a
pattern superposable onto the substrate terminal
pattern and being formed of a solder nonwettable,
electrically conductive ceramic material,

assembling the transfer plate against the substrate
such that each solder deposit rests upon a corre-
sponding terminal pad,
heating the assembly to melt the solder deposits,
whereupon each deposit forms a molten droplet
that wets the copper pad but does not wet the
ceramic electrode, | |

cooling the assembly to resolidify the solder droplets
to form bumps bonded to the bond pads, and

separating the transfer plate from the substrate,
whereby the solder bumps remain bonded to the
substrate for use in subsequently attaching an elec-
tronic component to the substrate by a plurality of
solder interconnections.

7. A method in accordance with claim 6 wherein the
transfer plate comprises a glass sheet having a continu-
ous coating formed of an electrically conductive ce-
ramic material that is nonwettable by molten solder
alloy, said plate further comprises a solder nonwettable,
electrically insulative overlayer covering the ceramic

coating and having perforations for exposing the ce-

ramic coating to form the electrodes.
8. A method in accordance with claim 7 wherein the
ceramic layer is composed predominantly of indium

~oxide compound containing tin oxide in an amount

65

effective to enhance electrical conductivity.
- 9. A method in accordance with claim 7 wherein the
electroplating step comprises immersing the transfer
plate into an aqueous bath spaced apart from a suitable
counterelectrode, said bath comprising dissolved tin
and lead ions, and electrically biasing the electrically
conductive ceramic coating relative to the counterelec-
trode to plate metallic tin-lead alloy onto the electrodes.
10. A method in accordance with claim 7 wherein the
transfer plate is formed of a transparent sheet to facili-
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tate accurate placement of the deposits onto the termi-
nal bond pads and having a thermal coefficient of ex-
pansion similar to the substrate to maintain the deposits
in registry with the terminal bond pads during said
heating and cooling to bond the solder bumps to the
pads. -

11. A method for concurrently forming a plurality of
solder bumps on a silicon die such that each bump is
bonded to a terminal bond pad disposed in a predeter-
mined pattern on a generally planar surface of the die,
said method comprising

electroplating a plurality of tin-lead solder alloy de-

posits onto discrete ceramic pad electrodes dis-
posed on a generally planar surface of a transfer
plate in a pattern superposable relative to the die
terminal pattern and being formed of an electri-
cally conductive ceramic matenial,

assembling the transfer plate against the die such that

each solder deposit rests upon a corresponding
terminal pad,

~ heating the assembly to melt the solder deposits,
whereupon each molten deposit coalesces to form
a droplet that wets the die pad but does not wet the
electrode,

cooling the assembly to resolidify the solder droplets

to form bumps bonded to the die pads but not to the
electrodes, and
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separating the transfer plate from the die, whereby
the solder bumps remain bonded to the die for use
in subsequently attaching the die to a substrate by a
plurality of solder interconnections.

12. A method in accordance with claim 11 wherein
the transfer plate comprises a glass sheet having a con-
tinuous coating formed of an electrically conductive
indium oxide compound containing about 10 percent by
weight tin oxide and further comprises a solder nonwet-
table, electrically insulative overlayer covering the
coating and having perforations for selectively exposing
the coating to form the electrodes.

13. A method in accordance with claim 11 wherein
the electroplating step comprises immersing the transfer
plate into an aqueous bath spaced apart from a suitable
counterelectrode, said bath comprising dissolved tin
and lead ions, and electrically biasing the electnically
conductive ceramic coating relative to the counterelec-
trode to plate metallic tin-lead alloy onto the electrodes.

14. A method in accordance with claim 11 wherein
the transfer plate is formed of a transparent sheet to
facilitate accurate placement of the deposits onto the
terminal bond pads and having a thermal coefficient of
expansion similar to the substrate to maintain the depos-
its in registry with the terminal bond pads during said
heating and cooling to bond the solder bumps to the
pads.
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